RESULTS: ACA was detected in 11 women with RSA and one fertile woman. Heterozygous C677T was detected in 59 women with RSA and 35 fertile women. Concomitant presence of ACA and C677T was found in eight women with RSA and no fertile women (p < 0.01).
INTRODUCTION
Recurrent spontaneous abortion (RSA) has been associated with many etiologies. It occurs in 1 to 2% of all women of reproductive age. 1 An association between autoantibodies and gestational loss has been identifi ed, especially for antiphospholipid antibodies (APA). Other antibodies such as those against thyroid components, nuclear antigens and deoxyribonucleic acid (DNA) fractions 2 have also been associated with gestational loss and preeclampsia. 3 Venous thrombosis in the mother has been associated with RSA in several series. 4, 5 Acquired thrombophilia is associated with thrombophilic factors with no inherited characteristics, such as anticardiolipin antibody (ACA) and lupus anticoagulant (LA).
The detection of APA such as ACA and LA seems to be higher in the fi rst trimester in women who have antiphospholipid syndrome (APS), but positive transient results have been detected in women without APS. APS and implantation site thrombosis can justify 5 to 10% of RSA and the mechanism of action is not completely clear. 6 LA is an immunoglobulin that interferes with one or more phospholipiddependent coagulation tests and leads to thromboembolic predisposition. 7 Patients with persistent elevated results are at risk of arterial and venous thrombosis, gestational loss and other complications, such as intrauterine growth restriction. 5 Simultaneous presence of LA and other APA seems to have an important association with early abortion. 8 Inherited factors for thrombophilia include protein C, protein S and antithrombin III (ATIII) deficiencies, factor V Leiden and G20210A mutations in the prothrombin gene and C677T mutation in the methylenetetrahydrofolate reductase (MTHFR) gene.
Other APA have also been associated with RSA, such as antiphosphatidylserine and antiphosphatidylethanolamine. Some of these antibodies are directed to phosphatidyl ethanolamine-binding plasma proteins, such as high molecular weight kininogen. 9 The kininogen concentration in reproductive tissues and plasma has been reported to fl uctuate during ovulation, pregnancy and parturition. 10 What governs the fl uctuation of kininogen concentrations remains to be elucidated. Sugi et al. 9 demonstrated a strong association between RSA and antiphosphatidylethanolamine antibodies. Studying women with recurrent in vitro fertilization failure, Matsubayashi et al. 11 found an increased incidence of IgG-antiphosphatidylserine, when compared with RSA patients.
Markers of defi ciency in folate metabolic pathways have been associated with RSA, including elevated levels of plasmatic homocysteine. 12, 13 Several inherited and acquired conditions can cause hyperhomocysteinemia, 14 leading to increased risk of stroke, myocardial infarction and peripheral arterial disease. 15 The C677T mutation in the MTHFR gene leads to a reduction in the activity of this enzyme, resulting in increased levels of plasmatic homocysteine. 16 Several series have suggested an association between hyperhomocysteinemia and RSA. 12, 13 Other gestational complications, such as preeclampsia, abruptio placentae, intrauterine growth restriction and stillbirth have been associated with homozygous C677T in the MTHFR gene. 17 Proteins C and S are natural plasmatic anticoagulants. 15 The prevalence of protein C defi ciency in women with gestational loss ranges from 4.7% 13 to 25.5%. 18 A high prevalence of protein S defi ciency has been found in women with two or more spontaneous abortions: 44.8%. ATIII defi ciency has also been associated with fi rst trimester abortions 18 and preeclampsia. CONTEXT: Recurrent spontaneous abortion (RSA) has been associated with venous thrombosis in the mother. Acquired and inherited thrombophilia factors are possible causes.
OBJECTIVE:
To evaluate the association between thrombogenic factors and recurrent spontaneous abortion.
TYPE OF STUDY:
Case-control study.
SETTING: Centro de Atenção Integral à
Saúde da Mulher, Universidade Estadual de Campinas.
METHODS: 40 ml of blood was collected from 88 women attending an RSA clinic and 88 fertile women attending a family planning clinic, to evaluate the presence of acquired and inherited thrombophilia factors. Anticardiolipin antibodies (ACA), lupus anticoagulant and defi ciencies of proteins C and S and antithrombin III were evaluated by enzyme-linked immunosorbent assay (ELISA), dilute Russell Viper Venom time (dRVVT), coagulometric and chromogenic methods. DNA was amplifi ed by the polymerase chain reaction (PCR) to study factor V Leiden and G20210A mutations in the prothrombin gene and C677T mutation in the methylenetetrahydrofolate reductase (MTHFR) gene. Data were analyzed using odds ratios and a regression model for age adjustment. Fisher's exact test was used to evaluate statistical relationships between associated factors and RSA.
A mutation in the factor V gene has been identified as the molecular basis for activated protein C (aPC) resistance and has been named factor V Leiden. This leads to a hypercoagulable state. 20 Dizon-Townson et al. 21 did not detect any no association between RSA and factor V Leiden when studying women with RSA and fertile women. Despite this, a clear association between RSA and factor V Leiden was detected by Foka et al. 22 The G to A transition at the 20210 position in the prothrombin gene is associated with elevated prothrombin levels and is a risk factor for thrombosis. 23 Studying 80 women with RSA and 100 fertile women, Foka et al. 22 detected a higher frequency of preeclampsia, abruptio placentae, intrauterine growth restriction and stillbirth among those who were carriers of this mutation.
It is well established that inherited or acquired thrombophilic factors and their combinations can lead to increased risk of thrombosis. 6 These combinations have also been associated with 2.2 to 14.3 times greater risk of RSA. 24 The objective of the present study was to evaluate the association between the presence of thrombophilic factors and RSA.
METHODS
This was a case-control study that included 88 women with RSA who were sequentially attending an RSA clinic at Universidade Estadual de Campinas (Centro de Atenção Integral à Saúde da Mulher) as outpatients (Group 1) and 88 fertile women with at least one successful pregnancy who were attending a family planning clinic at the same institution (Group 2), from January 1999 to August 2000. The women in Group 2 had no history of RSA, stillbirth, thromboembolic episodes, arterial hypertension, bad obstetrics or low birth weight. The patients in Group 1 were matched with the controls in Group 2 by age (five-year groups) and race (white or non-white). 40 ml of blood was collected to evaluate the presence of acquired (ACA and LA) and inherited factors (protein C, protein S and ATIII deficiencies, factor V Leiden and G20210A mutations in the prothrombin gene and C677T mutations in the MTHFR gene).
Enzyme-linked immunosorbent assay (ELISA) was performed as previously described, 25 using high positive controls with known immunoglobulin G (IgG) and immunoglobulin M (IgM) concentrations (calibration sera LAPL-MP-005 and LAPL-GP-005 from Louisville, Kentucky) and a normal donor as the negative control, in order to detect ACA. For quantitative determination of ACA, ELISA was used according to the manufacturer's instructions and the standard ELISA procedures. In-house calibrators were used for standardization. Negative controls were included in the assays to confirm negative test results. These negative controls consisted of negative serum tested in our laboratory according to standard procedures. Positive test results for patients were selected by means of positive controls from Louisville. The absorbance was determined using a photometer set at 450 nm. The cutoff values predefined by the manufacturers were: IgG > 20 units and IgM > 20 units. The interassay variation was 2.9-7.4% for IgG and 2.3-5.1% for IgM. Mean values were also determined, and the results were compared using multiples of the mean.
LA was detected by the dilute Russell Viper Venom Time (dRVVT), using the Organon Teknika kit: Viperquik TM LA-test and Viperquik TM LA-check. The final result was expressed as a relationship between "test" and "check" results. When this ratio was greater than 1.20, a confirmatory test was performed using a 50% mixture. Results greater than 2.0 were considered positive.
Protein S (PS) activity was evaluated via the coagulometric method using the Bioclot PS kit. Normal diluted plasma was mixed with PS-deficient plasma. This mixture was activated by activated factor X + activated protein C + phospholipids. After the addition of calcium chloride, the prolongation of clotting time was considered to be proportional to the protein S concentration in the patient's plasma. Normal activity ranged from 55% to 160%.
Protein C activity was evaluated by the prolongation of the activated partial thromboplastin time (APTT), using southern copperhead snake poison to activate it. The protein C assay was performed using the Dade kit from Baxter Diagnostics, Inc. Normal activity ranged from 72% to 142%.
ATIII functional levels were determined using plasma diluted with ATIII, heparin and excess thrombin. An ATIII-thrombin-heparin complex was formed, and the remaining thrombin catalyzed p-nitroaniline releases on a chromogenic substrate. These were measured at 405 nm and viewed on a calibration curve. The Chromostrate ® kit from Organon Teknika was used, and normal values ranged from 85% to 125%.
Genomic DNA was extracted from peripheral blood by a standard method. 26 The polymerase chain reaction (PCR) was used to assay the factor V Leiden mutation, the thermolabile MTHFR C677T mutation and the prothrombin G20210A mutation. Amplification of factor V Leiden was performed using a mixture of 54 mM Tris HCl (pH 8. For MTHFR and prothrombin, amplifications were performed in separate 50 µl reactions containing 10 mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM of each nucleoside triphosphate, 0.4 µM of each forward and reverse primer and 2.5U of Taq polymerase. The PCR parameters were 38 cycles of 94° C (30 seconds), 54° C (30 seconds) and 72° C (30 seconds). The initial cycle was preceded by 9 minutes at 94° C, so as to activate AmpliTaq Gold polymerase in addition to denaturing the template, and the last cycle was followed by 5 minutes at 72° C. The PCR products were digested with the appropriate restriction enzyme. After digestion, PCR products were submitted to electrophoresis on 2% agar minigels containing ethidium bromide at 120 V for 1 hour.
For factor V Leiden, MnII digestion of the 267-bp PCR product yielded fragments of 163, 67 and 37 bp for the normal allele. The digestion products of the mutant allele were 200 and 67 bp. For MTHFR, HynfI did not cleave the 198-bp PCR product of the normal allele, whereas the mutant allele yielded fragments of 175 bp and 23 bp after HinfI digestion.
For prothrombin, HindIII digestion yielded intact 345-bp product for the normal allele and two fragments of 322 and 23 bp for the mutant allele. For each locus, heterozygous individuals exhibited both normal and mutant digestion products. The PCR assay controls included DNA from a subject with subject, a normal subject and a blank water run for each analysis.
The data were analyzed using the odds ratio (OR) and a regression model for ageadjustment. Fisher's exact test was used to evaluate statistical relationships between RSA and the associated factors. The results were considered statistically significant when p values were less than 5%, for alpha = 0.05 and beta = 0.20.
The ethical principles of the Helsinki Declaration of the World Medical Association were followed in this study. The Ethics Committee of Universidade Estadual de Campinas, Brazil, approved this study.
RESULTS
The mean age was 30.4 years for Group 1 and 29.7 for Group 2. The total number of pregnancies for patients from Group 1 was 346, which ended as 26 deliveries and 320 spontaneous abortions. In Group 2, the total number of pregnancies was 181, and all of them ended as deliveries. In each group studied, 61.4% of the women were white. In These results can be observed in Table 1 . Table 2 shows the distribution of homozygous and heterozygous C677T mutation in the two groups. A statistically significant difference was found when women with heterozygous mutation were compared with normal women. Table 3 shows the allele distribution of C677T mutation between the groups studied. The mutant allele (T) was found in 40.3% of the women in Group 1 and in 25% of the women in Group 2.
No statistically significant differences were detected in the distribution of thrombophilic factors when patients were divided into white and non-white skin color.
The analysis of associated factors and their comparison between the groups studied showed that ACA and the heterozygous C677T mutation in the MTHFR gene were simultaneously present in eight women from Group 1 and no one from Group 2, and this difference was statistically significant. The association between ACA and the homozygous C677T mutation in the MTHFR gene showed no statistical difference between the two groups; nor did the associations between ACA and the other thrombophilic factors studied. These relationships can be seen in Table 4 .
Likewise, the associations between the heterozygous C677T mutation in the MTHFR gene and the other factors studied showed no statistically significant difference between the two groups. The homozygous C677T mutation in the MTHFR gene showed no association with any thrombophilic factor studied.
DISCUSSION
In this study we looked for associations of inherited and acquired thrombophilic factors among patients with and without recurrent spontaneous abortions. Patients were matched by age, in order to try to minimize any possible unknown effect of age variation on RSA, or any possible effect of acquired factors (ACA and LA) on older women, regardless of the fact that no differences in the frequencies of these antibodies have been described for several age groups. 27 It is known that the prevalence of genetic diseases varies in different races. As the Brazilian population is highly heterogeneous, patients were also matched by race. A higher prevalence of factor V Leiden among Caucasians has been described. 28 It is possible that other mutations also present higher prevalence in this racial group. In the Brazilian population, a higher prevalence of factor V Leiden has been detected in Caucasians, and it has rarely been detected in black people and Indians. 29 The mean number of pregnancies was higher in Group 1. This result was expected, since the definition of RSA includes women with at least three spontaneous abortions.
36.4% of the women in Group 2 were primiparous. Although we could not know how the next pregnancies would develop for this group, primiparous women were included as participants in the control group, in the same way as previously described in other series. 30, 31 After one successful pregnancy, approximately 3% of women will experience a spontaneous abortion.
1 Considering this probability, only one woman from Group 2 would be expected to have this complication and this proportion would not be enough to change our results.
ACA positivity occurred in 12.5% of the women who had RSA, and this coincides with the results in the literature. 5 Among fertile women, it was detected in 1.1%. The prevalence of ACA described in normal obstetric populations ranges from 2.9 to 3.6%. 32 LA was detected in one patient from Group 1 and none from Group 2. Several series have been described that show an association between LA and RSA. 5, 8 However, LA levels can vary during pregnancy, 7 and persistently elevated levels are strongly associated with gestational loss. 5 We did not find a good correlation between this test and RSA in this group of patients. There is a chance that this factor is not an important one for our population.
The prevalence of deficiencies of protein C, protein S and ATIII did not differ between the groups studied. A higher risk of spontaneous abortion in women with these deficiencies has been reported. 33 Since protein C deficiency can affect 10 to 15% of young individuals with recurrent venous thrombosis 20 and protein S deficiency occurs in 2.2% of patients with venous thrombosis, 15 we investigated whether thrombosis at an implantation site could lead to recurrent abortion in women with these deficiencies. This hypothesis was not confirmed by our results. Two women from Group 1 and none from Group 2 had protein C deficiency. As the incidence of this deficiency in the general population is 1/33,000 individuals, 15 a statistically significant difference might perhaps be detected with a greater number of patients.
Women of reproductive age who are deficient in protein C, protein S or ATIII have a three times higher risk of thromboembolic disease than do men of the same age. 34 Women with serious effects from a stroke or myocardial infarction may have more dif- Table 4 . Associations between anticardiolipin antibodies and other thrombophilic factors: distribution in 88 women with recurrent abortion (Group 1) and 88 fertile women (Group 2) attended at an outpatient clinic in Brazil There were no statistically significant differences in the frequencies of factor V Leiden and G20210A mutation in the prothrombin gene between the two groups. The literature shows large variation in the importance of these mutations in relation to RSA. Some series have demonstrated an association between activated protein C resistance and abortions, 30 but the picture is not so clear when trying to implicate factor V Leiden as responsible for this resistance in the abortion series. 35 Some authors have confirmed an association between factor V Leiden and RSA, but others have not, as can be seen in Table  5 . Our results did not demonstrate such an association. Although three women from Group 1 were detected as factor V Leiden carriers, there were none in Group 2. Again, the use of a larger sample size would perhaps give rise to a significant difference between the two groups.
G20210A carriers have higher prothrombin levels and are at greater risk of thrombosis than are controls. 23 A higher risk of primary abortion was detected in women with this mutation than in controls. 22 Our results, with a similar number of patients, did not show a significant difference in G20210A prevalence between the groups studied. More studies are necessary for a definitive conclusion about the importance of this mutation for RSA to be reached.
The evaluation of the C677T mutation in the MTHFR gene resulted in curious data. We observed an association of this mutation with RSA, but such an association is not completely clear in the literature. Some authors agree that C677T, as a cause of hyperhomocysteinemia, could lead to RSA, 17,22 but others do not. 36, 37 Homozygous C677T was detected in twelve women from Group 1 and in nine from Group 2. This difference was not significant. The high number of women with homozygous C677T MTHFR who had successful pregnancies (nine women from Group 2) suggests that this mutation is not an essential condition for a bad gestational result. None of these nine women had ACA in association with homozygous C677T MTHFR.
Heterozygous C677T was found in 47 women from Group 1 and in 26 from Group 2, and this difference was statistically significant. These data do not agree with the literature. Some series in which C677T is classified as homozygous or heterozygous have shown a clear predominance of statistically significant homozygosity in RSA. 16, 21 Lissak et al. 38 described the importance of heterozygous C677T in RSA, but stated that more series would be necessary to confirm this. Homozygous individuals have high homocysteine levels, but increased levels can also be seen in heterozygous individuals.
Nonetheless, the allele frequency of the C677T mutation in the MTHFR gene was higher in Group 1, with a statistically significant difference between the two groups. This may direct new investigations towards the importance of heterozygous C677T mutation in women with RSA.
The concept that several factors interact to create thrombosis is well established. 39 The action of thrombophilic factors during placentation may become amplified, thereby giving rise to modifications in placental circulation. These events could lead to spontaneous abortion or other gestational complications, such as intrauterine growth restriction and stillbirth.
Several congenital and acquired factors must act together to suppress the potent antithrombotic mechanism. 39 The association of ACA and heterozygous C677T mutation was detected in eight women from Group 1 and none from Group 2, and this difference was statistically significant.
The meaning of this association is still not clear. It is possible that an inherited factor that alone would not strongly predispose a woman to thrombosis could, when associated with an acquired factor, start the thrombosis process.
The association between heterozygous C677T mutation in the MTHFR gene and ACA may increase the likelihood of thrombosis expression. It is known that persistently elevated serum levels of ACA are associated with RSA. 40 Positive results for ACA may be the starting point for the process of thrombosis. We believe that this kind of association may be the key to understanding the mechanisms for several diseases, such as RSA, cancer or cardiac infarction, and should be further investigated.
There is no evidence in the literature that this kind of association is absolutely necessary for the full manifestation of the antiphospholipid syndrome. However, it is possible that an inherited factor, such as C677T, may act as a genetic predisposing factor that interacts with the antiphospholipid antibodies to fully manifest their clinical aspects. Moreover, we cannot state whether such associations are the cause of the antiphospholipid syndrome or whether C677T is the inducer of anticardiolipin antibodies. But we can wonder whether this association might be necessary for ACA manifestation.
CONCLUSIONS
ACA and heterozygous C677T mutation in the MTHFR gene presented a statistical association with RSA. The association of these two conditions is a new finding in thrombogenic factors for RSA, and may contribute to a greater understanding of this event.
